ABSTRACT: Brazil is a developing tropical country with abundant biomass resources. Sugar cane (Saccahrum spp.) is primarily produced to obtain sugar and alcohol. Presently sugar cane is burned before harvest. If the cane were not burned before harvest, the trash (tops and leaves) could be collected and burned to produce steam to generate electricity, or be converted into alcohol fuel and decrease the severe air pollution problems caused by sugar cane burning. Based upon logical assumptions and appropriate data, we estimate the number of people that could be served each year by this biomass if its energy was converted into electricity. 
INTRODUCTION
One way to measure the development of a country is to examine its energy consumption "per capita". There is a strong dependency between development and available energy. TABLE 1 shows the energy consumption in four countries of different economic development.
In tropical countries like Brazil, that have abundant biomass resources, the primary goal in energy policy must be twofold: 1) biomass energy production and 2) environmental pollution control. Until now, most of the cane area in Brazil is burned before harvest. The pre-harvest burning removes approximately 80% of the trash (the tops, green leaves and dry leaves, or straw); it kills bees, snakes, and scorpions; it decreases accidents with knives and machetes; all of which increases the harvesting capacity for both hand labor and machines.
Because this pre-harvest burning causes environmental problems, there are Federal and State laws today that try to control this practice. Stopping the preharvest burning makes it possible to use the trash to produce steam and electricity by the sugar mills and distilleries, improving the amount of this kind of energy in the country's energy matrix.
One of the greatest problems in the harvesting of green (unburned) cane is the opposition of the Labor Unions. At this moment, the unions have good reason for not wanting to cut green cane -the harvest capacity of green cane decreases by 80%, and the workers are paid in tons cut per day.
There will also be increased labor hazards. In green cane it is difficult to see where the stalks are, and where the ground is, raising the risks of cutting hands and fingers with the knife. It is possible that bees, snakes, spiders, and scorpions attack the laborers more frequently. And, the edges of green sugar cane leaves have thousands of microscopic prickles that can hurt the eyes, faces and arms of the laborers.
The solution to these problems will be to develop new safety equipment and to increase the payment for each ton of stalk cut by laborers by four or five times. More mechanization is another solution.
The problems with mechanization are more technical. First, most of the combine machines are designed to harvest burned cane. When used to harvest green cane they perform ). Second, today's mechanical cane loaders and conventional bailers do not perform well. It will be necessary to modify these machines in order that they load trash efficiently.
On the other hand, even with the above problems, we note that sugar cane bagasse already is used partially to produce electricity and rice hulls could also be used for producing electricity for small communities.
This paper presents the potential amount of electricity that could be produced from the bagasse and the trash of the sugar cane as compared with that from rice hulls in Brazil.
The utilization of biomass has some advantages as well as some problems, as is shown in Lanças (1984) : advantages 1) an abundant resource, 2) renewable and available in several forms and several use varieties, 3) decentralized production with regional resources and 4) reduction of environmental pollution in relation to the use of fossil fuels. The problems are 1) large areas of any crop can cause ecological imbalance, 2) the low amount of energy for unit of weight, 3) it is barely viable when the price of petroleum is high, 4) it presents storage and transport problems and 5) it needs a pre-drying system to be more efficient.
The economical importance of the sugar cane agriindustry in Brazil shown by Agrianual (1996) in the 1996-97 season: sugar cane area, 4.6 x 10 6 ha, sugar cane stalks crushed/year: 307.5 x 10 6 t, sugar production: 7.2 x 10 6 t, alcohol production: 12.3 x 10 6 m 3 by 327 sugar mills and distilleries. In South and East regions alone, the crop area is 2.73 x 10 6 ha. Ripoli (1998) , Agrianual (1996) . In Brazil there are two harvesting systems in practice: hand labor and combine machines ( Figure 1 ). In burned cane, workers can cut by hand 5-8 t d
-1 (Ripoli & Molina Jr., 1991) ; the machines can cut 25-55 t d -1 (Ripoli & Mialhe, 1980) . In green cane that is not burned, the harvesting capacity of a hand laborer decreases fivefold while that of a machine decreases only slightly to 25-
, but increases the average amount of trash with the stalks harvested to 10% (Ripoli, 1998) .
Burning the cane, however, brings several environmental problems. These include increased air pollution; the possibility of losing control of the fire in the fields; increased difficulty of using biological pest control; and occasional interruptions in high voltage lines when they are in the vicinity of the sugar cane fields. Additionaly, if burning causes temperatures to reach 980 o C, sucrose exudes from the stalks and is lost. Moreover, in such cases, the harvested stalks are contaminated with soil because the soil sticks to the exuded sucrose (Ripoli et al., 1990) . Molina Jr (1991) determined that the trash index for sugar cane is 25%. In other words, one quarter of all aerial vegetal mass of sugar cane is tops, leaves and straw.
The practice of burning (Figure 2 ) before harvesting occurs during the entire harvest season (May to November in the South and East regions, and September to February in the Northeast) causes severe environmental problems. Burning kills microorganisms in the topsoil, it burns the trash that could be used to improve soil conditions (trash is a good source of organic matter and nitrogen), it increases the ozone level in the lower atmosphere (in the State of Sao Paulo normal levels are 20 to 40 ppb; in industrial areas levels are 50 ppb and in sugar cane areas during the harvest season levels are 80 ppb) and it increases the carbon monoxide levels in the atmosphere. Normal levels of ozone are 100 ppb, while those during the harvest season reach 600 ppb (INPE, 1989) .
Considering the economics and energy balance for using the harvest trash from sugar cane fields, Ripoli (1991) showed the advantages of not burning the cane before harvesting and using the trash in sugar mills and/ or distilleries to produce steam for generating electricity. By not burning, he found that 1.28 equivalent barrels of oil was derived from each ton of trash. In Brazil more than 90% of all electrical energy comes from hydroelectric sources. But, at the end of 1992, the State of Sao Paulo passed a law permitting the sugar mills and/or distilleries to sell the excess electrical energy they produced back to the State. This electricity comes from burning the sugar cane trash and bagasse (sugar cane fiber stalk after crushing). Until now, only five sugar mills in Sao Paulo State take advantage of the law (Ripoli, 1998) .
In terms of energy consumption, the sugar mills and the alcohol distilleries in Brazil are sustainable because they burn the bagasse in boilers to produce steam. The new proposal is to use the excess bagasse not used for their own consumption, plus the sugar cane trash, to produce electric energy to be utilized in the commercial State or private electric system. This consumption will be a great advantage for the State of Sao Paulo (the most industrialized state of Brazil) because it now has a deficit of electric energy, and has to buy electrical energy from other States (Ripoli, 1998) . Owing to the steep slopes of fields, Ripoli estimates that machines could harvest only 40% of the entire sugar cane area in Brazil. In the South and East regions, machine harvest could reach 50% of the total area. Several authors are studying sources of biomass energy. TABLES 2 and 3 show some examples of the gross heat and net useful heat of some biomass materials. Ripoli (1991) Ripoli & Molina Jr (1991) made an estimate of how much energy is contained in one hectare of sugar cane. The result is equivalent to 280,730 MJ, distributed as follows: 24% in ethanol production, 37% in the actual use of the bagasse burned in the sugar mill and/or distillery boilers, and 39% in the trash (tops, green and dry leaves).
Copersucar (1989) showed 0.26 t of bagasse (50% humidity) is obtained per ton of sugar cane stalks crushed in sugar mills and/or alcohol distilleries. Today, the sugar mills use about 90% of the bagasse produced for their own consumption, but this consumption could be reduced to 70% if the steam system became more efficient (Copersucar 1 ). Correa (1992) showed Brazil produces 59 million t y -1 of bagasse (with 50% humidity). In Brazil the average rice yield is 2.6 t ha -1 with 21% trash (hulls). The average hull humidity is 10% and the net heat is 15,401 MJ t -1 (Dario, 1995) . The rice crop area in Brazil is 3,880,900 ha with an annual production of 10,077,200 t. In the South region, 1,079,000 ha yields 5,150,900 t.
METHOD
The analysis of the energetic potentials of sugar cane and rice biomass is based upon a simple budget of mass and its equivalent energy relative to known national crop production estimates and the daily average consumption of energy per person in Brazil. The amount of trash Qt (t ha 
RESULTS AND DISCUSSION
Based on information published in the literature, the data cited in the Appendix were used to estimate the energy potential in sugar cane trash, sugar cane bagasse and, for comparison, in rice hulls shown in TABLE 5.
Around 12.5 million people can be served by trash and bagasse energy, which equals more than the population of Portugal (10 million people). These numbers show that the country is losing a very important renewable energy resource, basically in the sugar cane crop. It is important for a country like Brazil, which has energy problems, to make better use of this biomass resource. Similar situations are occurring in all sugar cane producing countries in the world (more then fifty), the largest being Brazil, Cuba, Australia, South Africa, Peru, Mexico, and India. Like Brazil, Cuba, the United States, and Australia have already started no burn harvest programs. In the last 8 years Cuba and Brazil have developed research programs for using the sugar cane trash and bagasse to produce electricity.
The use of rice hulls to produce electrical energy at this moment is more difficult because this trash is not concentrated in big industries. There are hundreds of small plants that process the gross rice. Transporting the hulls to one main generation plant remains a serious limitation.
CONCLUSIONS
Sugar cane trash and bagasse have great potential for being used to improve and to diversify the energy matrix of the South and East regions of Brazil. On the other hand, in terms of energy, rice hulls could only be used to make rice plant processors sustainable, but not to be sold to distributor companies.
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